We study performance of several multiuser detection schemes for synchronous CDMA frequency non-selective Rayleigh fading channels. In the first part of the paper, asymptotic multiuser efficiency (AME) of the ideal decision-feedback detector is shown to be unity for any number of users. In the second part, the effect of channel estimation errors on the performance of multiuser detectors is investigated. The average BERs of the two-stage detector and the decorrelator in the presence of channel mismatch are evaluated through analysis and simulations.
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Summary
Multiuser detection was shown to be superior to the conventional detection for additive Gaussian noise (AWGN) CDMA channels (see references of [l-41) . In this paper, we investigate the ability of the multiuser detectors to combat flat fading and their performance degradation due to imperfect channel estimation.
In [2], a closed form expression for the average bit error rate (BER) of a two-user ideal decision-feedback detector for synchronous flat Rayleigh fading CDMA channel was derived. Using this result, we also showed that the AME of a two-user decision-feedback detector is unity. In this paper, we consider the AME of an ideal Kuser decision-feedback detector. The average BER of user 1 can be expressed as where E,: is the event that user 1 is the k-th strongest user ( 1 I k I K ) , Pe,(x) is the error rate of user 1 with SNR=x, and f ( x~E , ) is the conditional density (pdf) of the SNR. By observing the structure of the conditional pdfs f,, ( x ( E k ) , we deduce that the AME of an ideal K-user decision-feedback detector is equal to unity. The conditional pdfs (k=l..K-1) and k=K are in the form of -230 -nexp(-x I T i ) respectively. As the average SNR of user 1 ( 7 , ) becomes large, the integrals of the products of the conditional pdfs with the error probabilities P e k ( x ) (Qfunctions) become 'insignificant for all k except for k=K (the last term). The average BER converges to the last integral (i.e., when user 1 is the weakest user), which equals to the single user bound. Thus the Ah4E of the ideal decision-feedback detector is unity for any number of users. Simulations also show that the effect of error propagation is not significant for the actual decision-feedback detector.
We are also interested in investigating the sensitivity of multiuser detectors due to the imperfect channel estimation.
The decorrelator with channel mismatch was analyzed in [3] . We focus our analysis on a two-stage detector with the decorrelator as the first stage [4] . Assuming that the fading channel is a first order Markov process, and that the optimal, minimum mean square error channel estimator (Kalman filter) is used, we will determine the average BER with the consideration of the channel mismatch by computer simulations and Stein's unified analysis [3] .
